Background: There is a need for biomarkers of dietary saturated fatty acids, because several diseases have been related to intake of these fatty acids. Objective: To examine the relation between intake of dairy fat and the proportion of pentadecanoic (15:0) and heptadecanoic (17:0) acid in serum and adipose tissue. Design: Healthy men aged 21-55 y provided serum (n ¼ 110) and adipose tissue samples (n ¼ 107) and completed both 14 days weighed records (WR) and a 180-item food frequency questionnaire (FFQ). The proportions of 15:0 and 17:0 acid in serum and adipose tissue as measured by gas liquid chromatography were evaluated as biomarkers for fat intake from dairy products using Pearsons correlation coefficient and the method of triads. Results: The strongest correlation coefficients were observed between total intake of dairy fat estimated from WR and relative content of 15:0 in adipose tissue (0.52, 95% CI: 0.37, 0.65) and total serum (0.43, 95% CI 0.26, 0.57). A consistent inverse association was observed between the intake of milk fat and relative serum content of 17:0. The validity coefficients observed for the intake of dairy fat estimated from weighed records, the 180-item FFQ and by the relative content of 15:0 in serum and adipose tissue were 0.94 (95% CI: 0.68, 1.00), 0.50 (95% CI: 0.29, 0.67), 0.49 (95% CI: 0.32, 0.67) and 0.56 (95% CI: 0.28, 0.82), respectively. Conclusion: Relative content of 15:0 in serum and adipose tissue may be a useful biomarker for the intake of total dairy fat, whereas FFQs and WRs may provide better estimates of the intake of fat from milk.
Introduction
In some ecological studies, consumption of milk products is positively correlated with cardiovascular disease mortality rate (Artaud-Wild et al, 1993; Segall, 1994; Moss & Freed, 2003) . It has been indicated that the saturated fatty acid content of milk and other dairy products has been an important factor in this association (Renaud & de Lorgeril, 1989; Kromhout et al, 1995) because of the relation between saturated fatty acids and plasma LDL-cholesterol levels (Pedersen et al, 2003) . Other studies suggest that it is not the dairy fat but rather some other component of the milk that is responsible for the atherogenic properties of milk products (Seely, 1981; Grant, 1998; Nicolosi et al, 2001; Laugesen & Elliott, 2003; Moss & Freed, 2003) . There are also reports without positive association between cardiovascular disease and intake of saturated fat (Yu et al, 1995; Ravnskov, 1998; Merkel et al, 2001; Willett, 2003; Warensjo et al, 2004) .
For further understanding of the role of milk and dairy fat in the development of coronary heart disease, reliable estimates of the consumption of milk products and dairy fat are important. Owing to errors associated with traditional dietary assessment methods, use of biomarkers may represent an important contribution to the field. The fatty acids pentadecanoic (15:0) and heptadecanoic (17:0) are synthesized by the intestinal bacterial flora of ruminants and these fatty acids cannot be metabolized efficiently by humans (Smedman et al, 1999) . Recent studies have suggested that the proportion of 15:0 and 17:0 acid in human adipose tissue (Wolk et al, 1998 (Wolk et al, , 2001 Baylin et al, 2002) and even in muscle (Andersson et al, 2002) may reflect dairy fat consumption. In addition, two studies have indicated a positive association between the intake of dairy fat and the content of 15:0 in cholesterol esters and phospholipids (Smedman et al, 1999; Wolk et al, 2001) . Thus, these odd numbered fatty acids might function as biomarkers for intake of dairy products.
In the present study, our goal was to evaluate the relation between the estimated intake of dairy fat from two dietary assessment methods and the proportion of 15:0 and 17:0 in total serum lipids and adipose tissue as measured by gas liquid chromatography (GLC). The method of triads (Kaaks, 1997) was applied to further investigate the potential of 15:0 and 17:0 in total serum lipids and adipose tissue as biomarkers for intake of dairy fat to obtain more extensive insight into the relation between the different dietary assessment methods.
Materials and methods

Design
The study protocol was approved by the regional ethical committee, and all participants gave their written informed consent. A total of 137 healthy men from Oerland military flight station located on the coast in mid-Norway were invited to participate in the study. All the invited subjects received a food frequency questionnaire (FFQ) at the beginning of the study. After 1 week, the subjects were instructed how to register food intake by weighed records (WR) for 14 days. In all, 125 men completed both the FFQs and the WR. Along with weight and height measurements adipose tissue biopsies and blood samples were taken at the start of the recording period. A total of 110 men delivered serum samples and 107 men delivered adipose tissue biopsies.
Food frequency questionnaire
The 11-page optical mark readable questionnaire was designed to capture the habitual food intake among adults, including questions about 180 food items grouped together according to the Norwegian meal pattern. In total, the FFQ included 15 questions directly related to the use of dairy products, three questions about the use of milk as a beverage, five about the use of cheese, three about the use of milk on breakfast cereals, two questions about the intake of yoghurt, one about coffee with cream and one about ice cream. In addition, dairy products included in whole dishes were calculated from 86 questions concerning the most popular dinners and desserts. The frequency alternatives vary from once a month to several times a day, and the portion size alternatives are ample (household units, eg glasses, pieces, deciliters). A detailed description of the questionnaire is found elsewhere (Nes et al, 1992; Andersen et al, 1999) .
Weighed records
At 1-week after inclusion, the participants were instructed to weigh all food to be consumed for 14 days. The 14-day WR were split into five shorter periods (3 þ 3 þ 3 þ 3 þ 2-day units) by 1-week intervals. The total 14-day period consisted of 10 week days and 4 week-end days (two mondays, two tuesdays, etc). The male participants were given blank diary forms and a digital scale (precision of 71 g and a maximum capacity of 2500 g). Everybody was given oral as well as written instructions on how to weigh and describe in detail their consumption of foods and beverages, and how to fill in the diary forms. Furthermore, the subjects were asked to monitor their usual food intake and to avoid any temptation to change the diet to lose weight or simplify the recording. The use of household measures was accepted when it was impossible to use the scale.
The diary form from the first 3-day period was checked for completeness immediately after finishing this first period. All participants were contacted by phone before starting the second recording period and improper responses were clarified. Two nutritionists coded the forms.
Nutrient calculations
The daily intakes of energy, foods and nutrients from the FFQ and WR were computed by using a food database and software systems previously developed at the Institute for Nutrition Research, University of Oslo (KBS, version 3.2). This system is linked to a food database based on the official food composition table in Norway (Rimestad et al, 2001 ). The category 'milk' used in the present paper included milk, cream, ice cream and yoghurt, whereas the category 'total dairy' included milk, cream, ice cream, yoghurt, cheese and butter.
Weight and height These data were collected at the start of the first recording period. Body weight and height were measured without shoes, with the men wearing indoor clothes.
Analysis of fatty acids
Analyses of fatty acids in the adipose tissue and serum lipids were performed at the National Public Health Institute, Helsinki, Finland. Total serum lipids were extracted with dichloromethane/methanol (2/1; vol/vol) (Folch et al, 1957) and adipose tissue biopsy in isopropanol was extracted with hexane/isopropanol (3/2; vol/vol) (Hara & Radin, 1978) . The lipids from serum and adipose samples were transesterified to methyl esters with acidic methanol (Stoffel et al, 1959) . The pattern of the methylated fatty acids was determined using HRGC 412 Micromat GLC (HNU-Nordion Instruments, Helsinki, Finland) with a 100-m-long SP 2560 column (diameter 0.2 mm, phase layer 0.20 mm, Supelco, CA, USA) using a temperature program (1681C (50 min)-2101C (45 min), 21C/min). Helium was used as carrier gas in a split injection. Pooled serum (n ¼ 8) or homogenous pig adipose tissue (n ¼ 7) were used as control sample. The coefficient of variation (CV) for fatty acid peaks 45% was 1.5-3% and for peaks o5% was 2-10%. For very small peaks (o0.2%) or partly overlapping peaks, the CV was 20%. The serum and adipose tissue fatty aids are expressed as percent of total fatty acid methyl esters.
Statistical analyses
Sample means and standard deviations were calculated for the intake of dairy products (Table 1) . Fatty acid data are given as % of total fatty acids. To obtain normality, data on fatty acids as well as dietary data were log transformed prior to further statistical analyses. Pearson's correlation coefficients and 95% confidence intervals (CIs) were calculated for the relationship between the intakes as assessed by the different methods.
When biomarker data and intake estimates based on two self-reporting assessment instruments are available, correlations between estimates obtained by a dietary assessment method and a person's long-term intake (referred to as the validity coefficient (VC)) can be estimated (Kaaks, 1997; Kaaks & Riboli, 1997) . This technique, known as the method of triads, assumes that random errors in the dietary assessment methods are uncorrelated and that positive linear correlations exist between estimates obtained by the dietary assessment methods and true intake (Kaaks, 1997; Daures et al, 2000) . Assuming independent observations and linear associations, these Pearson's correlation coefficients formed a basis for the calculation of the VCs by the method of triads. From the estimated pair wise Pearson's correlation coefficients between the three methods, the VCs were calculated as
and Ocke & Kaaks, 1997) . Q, W and M denote the measurements from the FFQ, the WR, and the biomarkers, respectively, T is the true unknown intake, and r is the estimated correlation coefficient. Finally, 95% CIs for the VCs were estimated by the 2.5th and 97.5th empirical percentiles for the replicates of estimated VCs from 1000 bootstrap samples.
Statistical analyses were mainly performed with SPSS 11.0, whereas S-PLUS 6.1 was used for the bootstrapping. All P-values are two sided, and a 5% level of significance was used.
Results
Subjects were 21-55 y old (mean age 36 y), with BMIs ranging from 21 to 32 kg/m 2 (mean BMI 25 kg/m 2 ). Estimated intakes of carbohydrates, milk and total dairy products were significantly higher based on data from the 180-item FFQ as compared to WR, whereas the intake of alcohol was significantly lower with the FFQ (Table 1 ). Pearson's correlation coefficients between intake of fat from dairy products as estimated with the WR and FFQ were 0.69 (95% CI: 0.58, 0.78) for fat from milk, 0.39 (95% CI: 0.22, 0.54) for fat from cheese and 0.67 (95% CI: 0.56, 0.77) for total dairy fat when calculations were based on all subjects who delivered adipose tissue samples (n ¼ 107). The corresponding calculations based on all subjects delivering serum samples (n ¼ 110) were 0.57 (95% CI: 0.43, 0.68), 0.47 (95% CI: 0.31, 0.61) and 0.51 (95% CI: 0.36, 0.64).
The relative contents of 15:0 and 17:0 in serum and adipose tissue were below 0.4% of the total fatty acids ( Table 2 ). The correlations between intake of total dairy fat (Table 3) . No significant correlations were observed between the amount of 17:0 in adipose tissue and intake of total dairy fat (Table 3) , whereas an inverse association was observed between serum concentration of 17:0 and the intake of fat from milk. No significant associations were observed between the intake of fat from ruminant meat and the % of 15:0 and 17:0 in serum or adipose tissue (data not shown). Estimated VCs based on WR, FFQ and 15:0 in serum and adipose tissue are shown in Table 4 . The highest VCs were observed for the WRs. The proportion of missing VCs from the bootstrap samples equals zero or is low, except for fat from milk. The correlation coefficients obtained between the dietary assessment methods and 17:0 in serum and adipose tissues were not significant. Thus, the observed VCs based on WR, FFQ and 17:0 are lower than for 15:0, and the proportions of missing VCs from the bootstrap samples are relatively large, that is, giving less accurate CI. Hence, VCs based on 17:0 are not presented.
Discussion
Results from this study among Norwegian men indicate that the fatty acid 15:0 in adipose tissue and total serum lipids may be used as a biomarker for the intake of dairy fat.
In our present study, the fatty acids were analysed in total serum lipids also including triacylglycerides and free fatty acids. In the previously reported studies on odd saturated fatty acids in serum, the authors analysed fatty acid pattern in cholesterol esters and phospholipids separately (Wolk et al, 1998 (Wolk et al, , 2001 Smedman et al, 1999) . In spite of analytical differences, the association observed in our present study between the proportion of 15:0 in total serum lipids and adipose tissue, was in the same range as was observed by Smedman et al (1999) and Wolk et al (1998 Wolk et al ( , 2001 , indicating that 15:0 in serum total lipids may be an equally suitable marker for the intake of dairy fat as the 15:0 content of cholesterol esters and phospholipids. In a previous study, it was observed that very-long-chain n-3 fatty acids in adipose tissue and total serum lipids reflected the dietary intake of very-long-chain n-3 fatty acids to the same degree (Andersen et al, 1999) . Table 3 Pearson's correlation coefficients and 95% confidence intervals (CI) between the % of 15:0 and 17:0 in adipose tissue and serum, and the intake of dairy fat (% of total fat intake) as estimated with the food frequency questionnaire (FFQ) and weighed record ( Proportion of VCs that could not be estimated because one of the three correlations that are the basis for the VC is negative. In this situation, the VCs are set to missing. VCs Z1 were set to 1.00.
Our present study also showed that the intake of dairy fat estimated with WR was more strongly correlated with 15:0 in serum and adipose tissue than dairy fat intake estimated with the FFQ. A similar observation among women was reported by Wolk et al (1998) . These observations may not be surprising because the weighed record is expected to give more accurate data than the FFQ.
Serum total lipid content of 15:0 was clearly associated with intake of fat from cheese but there was no such association between serum total lipid content of 15:0 and fat from milk. This lack of association between 15:0 and fat from milk may perhaps indicate that fat from milk is metabolized in a slightly different way than fat from other dairy products. Schneeman et al (1989) found that a diet containing whole milk altered triacylglycerol metabolism in rats in a manner that is not simply predicted by the fat content of whole milk. In a recent controlled feeding study among healthy men it was reported that cheese increased LDL-cholesterol less than an iso-energetic butter diet (Tholstrup et al, 2004) . Estimates of milk intake may also be somewhat inflated. In previous validation studies it has been noted that the intake of milk may be over-reported (Bingham et al, 1997; Solvoll, 2000) . Furthermore, unpublished data from the Norwegian part of the European TRANSFAIR study (van Poppel et al, 1998) indicate that the relative content of 15:0 in skimmed milk (% of total fat) is negligible compared with full fat milk. Of the total milk intake in the present study, 90% was skimmed or light milk. All these factors may contribute to the lack of association between serum and adipose content of 15:0 and intake of fat from milk. Consistent with our findings, a study among adolescents in Sweden has previously reported negative association between the proportion of 15:0 in the diet and the concentration in serum cholesterol (Samuelson et al, 2001) . Surprisingly, an inverse correlation was observed between serum % of 17:0 and the intake of fat from milk assessed with FFQ (À0.23, 95% CI: À0.40, À0.04) and WR (À0.26, 95% CI: À0.42, À0.07). Weak inverse trends (nonsignificant) were also observed between adipose tissue proportion of 17:0 and the intake of fat from milk (Table 3 ). The inverse associations between serum concentration of 17:0 and the intake of fat from milk are not easily explained. Norwegian milk fat contains only 0.5% 17:0 (source: http://www.tine.no/ international/), and there may be other important dietary sources of 17:0 in addition to dairy products, for example, meat (TRANSFAIR, unpublished data). However, 17:0 is not included in the Norwegian food table; hence, we were unable to quantify total intake of 17:0 in the study population.
VCs were slightly higher for the 180-item FFQ than for the biomarker, and the strongest VCs were observed for the WR (Table 4) . Based on the calculated VCs, serum proportion of 15:0 seems to perform equally well as 15:0 in adipose tissue. Fatty acid composition of serum lipids may reflect dietary intake the previous weeks (Moilanen et al, 1992; Nikkari et al, 1995; Wolk et al, 1998; Smedman et al, 1999) or even muscle tissue proportion (Andersson et al, 2002) may reflect more long-term earlier intake. The high agreement between the serum and adipose tissue proportion of 15:0 indicates that our study population had a stable intake of dairy products over long periods.
The combined use of biomarkers and WR may strengthen the validation of epidemiological assessment instruments like the FFQs, but the method of triads also has its limitations. It is common to set estimated VCs and confidence limits 41.00 to 1.00 Ocke & Kaaks, 1997; Daures et al, 2000; Kabagambe et al, 2001) . VC values 41 indicates a strong relationship only if it is the result of random sampling errors. Violations of underlying model assumptions may also give VC 41. The method of triads is based on an assumption that the errors associated with each of the three methods included in the model are independent, and that estimates from the FFQs, WR and biomarkers are linearly related to the common true intake. This may not be true, and we cannot rule out that there are inter-correlated errors between the FFQs and the WR. Thus, the reported VCs may be overestimated and should be regarded as upper limits of the true VCs. With a 2-10% analytical CV, the validity of 15:0 and 17:0 could be criticized since these fatty acids constitute less than 0.4% of total dietary fatty acids. However, we do not have separate validation data on C15:0 and C17:0 and CVs in the range of 2-10% in the analysis of the smallest fatty acid peaks in serum are quite customary (Annti Aro, personal communication). Another limitation of the present study is the relatively small sample size and the homogeneity of the study population, in particular with respect to age and gender.
In conclusion, adipose tissue and total serum lipid content of the fatty acid 15:0 may be used as a biomarker for the intake of dairy fat. An FFQ will probably provide a better estimate than fatty acid biomarkers if milk consumption per se is to be addressed. A parallel application of dietary assessment instruments with unrelated measurement errors, like FFQs and serum biomarkers, would provide the best estimate of dairy consumption and may be instrumental in uncovering potential milk-disease associations.
